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CAMERA

This 1s a continuation application under 37 CFR 1.62 of
prior application Ser. No. 08/556,858 filed on Nov. 2, 1995
(abandoned).

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a camera having a shadow-
occurring-state detecting means for detecting a shadow
appearing at an object 1n taking a shot with the camera.

2. Description of the Related Art

The recent advancement of electronic control technology
has enabled cameras of these days to permit taking shots in
more versatile light adjusting states than old-fashioned cam-
eras. Hence, cameras of varied kinds have been proposed 1n
this respect and put on the market. These cameras, for
example, include

(a) A camera arranged to measure the luminance of an
object of shooting and to automatically cause a flash
device to flash when the measured luminance 1s less

than a predetermined value, for example, as disclosed
in the specification of U.S. Pat. No. Re 29,599,

(b) A camera arranged to measure the luminance of a
shooting object, to cause a flash device to fully flash
when the measured object luminance 1s less than a
predetermined value and to cause the flash device to
perform daylight synchro-flash (fill-in flash) when the
measured luminance 1s greater than the predetermined

value, for example, as disclosed 1n the specification of
U.S. Pat. No. 4,812,872; and

(c) A camera arranged to measure luminance obtained in
a middle part and a peripheral part of a photo-taking,
picture plane and to automatically cause a flash device
to flash when the shooting object 1s judged to be 1n a
back-light state from a difference 1n luminance between
the middle part and the peripheral part, for example, as
disclosed 1n the specification of U.S. Pat. No. 4,666,
280.

However, none of these cameras are arranged to detect
and predict, on the basis of the direction and intensity of
incident light coming from a light source, the state of a
shadow appearing at the object at the time of taking a shot
and to control photographing conditions according to the
result of prediction.

SUMMARY OF THE INVENTION

It 1s one aspect of the invention under the present appli-
cation to provide a camera which performs a photographing
operation 1n a photographing condition suited for the state of
a light source by detecting a shadow appearing in taking a
shot according to the state of the light source. To attain this
aspect, a camera according to the invention includes a light
receiving element part for recerving a light flux coming from
a light source, a processing circuit for deciding the direction
and intensity of the light flux coming from the light source
on the basis of an output of the light receiving element part,
and a photographing condition setting circuit for setting a
photographing condition according to a result of the decision
made by the processing circuit.

To attain the above-stated object, a camera according to
the mvention 1s arranged to decide the direction and inten-
sity of a light flux coming from a light source on the basis
of a center-of-gravity position of an image formed on the
above-stated light receiving element part and data corre-

10

15

20

25

30

35

40

45

50

55

60

65

2

™

sponding to a ratio or a difference between a luminance
value obtained at the center-of-gravity position and a lumi-
nance value obtained at a position located away from the
center-of-gravity position. Another camera which attains the
above-stated object 1s arranged to decide the direction and
intensity of a light flux coming from a light source on the
basis of a state of luminance distribution on the light
receiving element part.

It 1s another aspect of the 1nvention to provide a camera
arranged to carry out a photographing operation in a mode
suited for a photographing condition, for example, by caus-
ing a flash device to flash according to the instruction of an
Instructing circuit in anticipation of appearance of a shadow
in a case where the object of shooting 1s bemng 1lluminated
with an intensive light flux. To attain the aspect, a camera 1s
provided with a light measuring circuit, a first comparison
circuit for comparing a signal value corresponding to an
output of the light measuring circuit with a predetermined
value and for generating an output when the signal value 1s
higcher than the predetermined value, and an instructing
circuit for giving an instruction for flash photography in
response to the output of the first comparison circuit.

Under the object mentioned above, the camera 1s provided
with a second comparison circuit for substantially compar-
ing a value corresponding to the output of the light measur-
ing circuit and a film sensitivity with a predetermined value
and for generating an output when the predetermined value
1s higher, and an 1nstructing circuit for giving an 1nstruction
for flashing 1n response to the output of the second com-
parison circult. The camera 1s arranged to flash by control-
ling a flashing action in such a manner that a threshold level
of the flashing 1s set 1n relation to the film sensitivity when
an object luminance 1s low and the threshold level of the
flashing 1s set at a predetermined luminance level 1rrespec-
five of the film sensitivity when the object luminance 1s high.

Under the above-stated object, another camera 1s provided
with a distance value signal forming circuit for forming a
distance value signal corresponding to an object distance
and an inhibiting circuit for inhibiting the 1nstructing circuit
from giving an instruction for flash photography when the
distance value signal from the distance value signal forming
circuit indicates a distance farther than a predetermined
value. Thus, the camera 1s arranged such that flash photog-
raphy 1s carried out only when the object 1s located 1n a
distance range within which the above-stated shadow can be
erased.

These and other objects and features of the mnvention will
become apparent from the following detailed description of
embodiments thereof taken in connection with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing 1n outline the arrange-
ment of essential parts of a camera arranged according to the
invention as a first embodiment thereotf.

FIG. 2 shows the appearance of the camera which 1s
arranged as shown 1n FIG. 1 as the first embodiment.

FIG. 3 1s an enlarged front view showing the effective
image pickup areca of an image sensor 125 which 1s an
essential part of a shadow-occurring-state detecting means
in the arrangement shown 1n FIG. 1.

FIG. 4(a) is a front view showing a shadow 128a of an
index 127 appearing on the image sensor 125 when the sun
1s located at a zenith position 1n a clear sky.

FIG. 4(b) shows a luminance distribution then obtained
on the 1mage sensor 125 under the same condition.
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FIG. 5(a) 1s a front view showing a shadow 128b of the
index 127 appearing on the image sensor 125 when the sun
declines to the right from the zenith position 1n a shightly
cloudy weather. FIG. 5(b) shows a luminance distribution
obtained on the image sensor 125 under that condition.

FIG. 6(a) is a front view showing a shadow 128c of the
index 127 appearing on the image sensor 125 when the sun
declines to a lower right position from the zenith position 1n
a cloudy weather. FIG. 6(b) shows a luminance distribution
obtained on the image sensor 125 under that condition.

FIG. 7(a) is a front view showing a shadow 128d of the
index 127 appearing on the image sensor 125 when the sun
declines to a lower left position from the zenith position in
a clear sky. FIG. 7(b) shows a luminance distribution
obtained on the image sensor 125 under that condition.

FIG. 8(a) is a front view showing a shadow 128¢ of the
index 127 appearing on the image sensor 125 when the sun
declines to an upper right position from the zenith position
in a cloudy weather. FIG. 8(b) shows a luminance distribu-
tion obtained on the image sensor 125 under that condition.

FIG. 9 1s a flow chart showing the control actions of a
system controller of the camera shown in FIGS. 1 and 2 and
also the actions of the camera.

FIG. 10 1s a block diagram showing in outline the
arrangement of essential parts of a camera arranged as a
second embodiment of the mnvention.

FIG. 11 1s an oblique view showing the appearance of the
second embodiment of the 1nvention.

FIG. 12 1s a flow chart showing the actions of the camera
which 1s the second embodiment and also the control actions
of a system controller of the camera.

FIG. 13 1s a block diagram showing in outline the
arrangement of essential parts of a camera arranged as a
third embodiment of the mvention.

FIG. 14 1s a block diagram showing in outline the
arrangement of essential parts of a camera arranged as a
fourth embodiment of the invention.

FIG. 15 1s an oblique view showing the rear appearance
of the camera which 1s the fourth embodiment.

FIG. 16 1s a flow chart showing the actions of the camera
shown 1n FIGS. 14 and 15 and also the control actions of a
system controller of the same camera.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Some of preferred embodiments of the mvention are
described below with reference to the drawings.

First Embodiment

A first embodiment of the invention 1s described with
reference to FIGS. 1 to 9 as follows. FIG. 1 shows the
clectrical arrangement of essential parts of a camera which
1s the first embodiment. Referring to FIG. 1, a system
controller 101 1s arranged to control the actions of the whole
camera. A ROM 102 (a read-only memory) stores programs
and data. A RAM 103 (a readable and writable memory)
stores data. A release button 104 1s provided for a release
action of the camera. A switch 1044 1s arranged to cause the
camera to perform a battery check and light and distance
measuring actions in response to a first stroke of a pushing
operation on the release button 104. A switch 104b 1s
arranged to cause the camera to perform an exposure action
on a film 1n response to a second stroke of the pushing
operation on the release button 104. The camera has a
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photo-taking lens 105, a shutter 106, and a shutter driver
107, 1.e., a shutter driving circuit, which 1s arranged to drive
the shutter 106. Reference numeral 108 denotes the film. A
film cartridge 109 1s provided with a film characteristic
recording part 110 which 1s arranged on the external surface
of the film cartridge 109 to store 1n a coded state information
on the characteristic of the film, such as film sensitivity, a
photographable number of frames, etc. Ametal contact piece
111 1s arranged to detect the characteristic of the film. A
converter 112 1s arranged to convert the coded value of film
sensitivity into an analog voltage value (Vfilm). The con-
verter 112 has such a characteristic that the film sensitivity
1s converted 1nto a lower voltage value as the film sensitivity
1s higher. The film sensitivity value Viilm 1s inputted also to
the system controller 101.

The camera includes a light measuring lens 113, a light
measuring element 114 such as an SPC (silicon photocell) or
the like which 1s arranged to detect the luminance of the
object of shooting. A photo-electric conversion circuit 115 1s
arranged to convert a photoelectric current detected by the
detection area of the light measuring element 114 into a
voltage value as a measured light value Va. A comparator
116 1s arranged to compare the measured light value Va with
the voltage value Viilm decided by the film sensitivity value.
These values Va and Viilm are respectively supplied to the
inverting and non-inverting input terminals of the compara-
tor 116. Meanwhile, both the measured light value Va and
the voltage value Viilm which corresponds to the film
sensitivity are inputted also to the system controller 101.

A distance measuring block 117 1s powered by voltage
Vce and measures a distance from the camera to an object
of shooting. This block 117 includes an infrared light
emitting diode 1174 which 1s arranged to emit an infrared
beam toward the object, a driving circuit 117b which drives
the infrared light emitting diode 1174, a light projecting lens
117¢, a position detecting element 117d which 1s a PSD
(position sensing device) or the like and 1s arranged to detect
a recerved position of a retlected light of the infrared beam,
a PSD detecting circuit 117¢ which 1s arranged to output a
voltage value Vd 1n proportion to the object distance, and a
light receiving lens 1177.

A comparator 118 1s arranged to compare the output Vd
of the PSD detecting circuit 117¢ with a predetermined
voltage value Vref2. The comparator 118 receives the object
distance value Vd at its inverting mput terminal and the

predetermined voltage value Vrel2 at 1ts non-inverting input
terminal.

The camera further includes an OR gate 119, AND gates
120 and 121, a xenon discharge lamp 123 and a capacitor
124 arranged to store electric charge for flashing a flash
device.

A flash-device control circuit 122 1s arranged to charge the
flash device and to cause tlashing. When a high level signal
1s applied to a terminal TRI of the flash-device control
circuit 122, the xenon discharge lamp 123 flashes, power
being then supplied from terminal Xe. When a high level
signal 1s applied to a terminal CHG of the flash-device
control circuit 123, the capacitor 124 1s charged, power
being then supplied from terminal C. Then, a signal indica-
five of a charged state of the capacitor 124 1s supplied from
a terminal FLBIT of the flash-device control circuit 123 to
the system controller 101.

An 1mage sensor 125 1s arranged to detect the state of a
shadow. A glass window 126 having a disc form and a light
transmissive characteristic 1s disposed on the upper surface
of the camera. The center of the effective image pickup arca
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of the 1image sensor 125 coincides with the center of the
glass window 126. Reference numeral 128 denotes a shadow
of an index 127 which 1s formed in black color at the center
of the glass window 126. An 1mage pickup circuit 129 is
connected to the 1image sensor 125. A computing circuit 130
1s arranged to analyze image data received from the image
pickup circuit 129.

As 1ndicated 1n FIG. 1, system controller 101 has termai-

nals for input and output of the information above discussed,
namely, SW1, SW2, SHvtrl, ViilmIN, AEctrl, VaIN, AFctrl,

SHAD, TRIOUT, FLON and FLBITIN.

FIG. 2 shows 1n an oblique view the appearance of the
camera which 1s the first embodiment. Referring to FIG. 2,

a Fresnel lens 131 1s mounted on the flashing window of the
flash device. The illustration includes the shutter release

button 104, the photo-taking lens 103, the light measuring
lens 113, the glass window 126 arranged to take 1n light for

the shadow detecting 1image sensor 125, the black index 127
formed at the center of the glass window 126, the distance
measuring light projecting lens 117¢ and the distance mea-
suring light receiving lens 117/.

A method of quantitatively detecting a shadow to be
brought about by an external light 1s described as follows. In
a case where the camera 1s held by the user 1 a horizontal
posture, the glass window 126 1s facing upward. When the
sunlight falls on the surface of the image sensor 125 through
the glass window 126, a shadow 128 of the black index 127
appears on the surface of the 1image sensor 125. The shadow
128 thus becomes an 1nput to the 1mage sensor 125 along
with the sunlight. The size and density of the shadow 128 on
the 1mage sensor 125 then vary with the position of the sun
and the intensity of the sunlight. For example, the center of
oravity of the shadow 128 is located near the center of the
image sensor 125 when the altitude of the sun 1s high, and
1s located away from the center of the 1mage sensor 125
when the altitude of the sun 1s low. The shadow 128 becomes
smaller into a spot-light shape with an increased density
when the sunlight 1s 1ntense. Conversely, when the sunlight
becomes weaker with the sun hidden by a cloud or the like,
the size of the shadow 128 comes to 1increase and 1ts density
decreases accordingly.

Therefore, 1t 1s possible to decide the current 1lluminating,
state of the sunlight by detecting the size and density of the
shadow 128 and the luminance obtained around the shadow
128. It 1s also possible to predict a shadow which will be
obtained at the object of shooting.

The principle of a method of predicting a state of occur-
rence of a shadow 1s next described with reference to FIG.

3 to FIGS. 8(a) and 8(b) as follows.

FIG. 3 shows coordinates obtained on the 1mage sensor
126. In FIG. 3, reference numeral 301 denotes an effective
image pickup area of the image sensor 125. Reference
numeral 302 denotes a central coordinate point. Reference
numeral 303 denotes an area within a radius “r” away from
the center. Reference numeral 304 denotes an areca within
another radius “a” away from the center (a>r). In the case of
this embodiment, with the length of one side of the effective
image pickup area 301 which is square 1n shape assumed to
be “2a”, the center point of each side coincides with the
outer edge of the areca 304 of the radius “a”.

Pairs of drawings, FIGS. 4(a) and 4(b) to FIGS. 8(a) and
8(b), show the states of solar insolation on the image sensor

125, in the drawing parts (a), and the states of output of the
image sensor 125 obtained under the states of the solar
insolation, in the drawing parts (b).

FIGS. 4(b), 5(b), 6(b), 7(b) and 8(b) are sectional views
taken respectively on lines (A)—(B) indicated in FIGS. 4(a),
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6

S(a), 6(a), 7(a) and 8(a). Further each of FIGS. 4(b) to 8(b)
shows, on 1ts axis of ordinate, the output of the 1mage sensor
125, i.e., the distribution of luminance ratio (or difference).
With a luminance Br-shad obtained at the center-of-gravity
position of the shadow 128 assumed to be “1”, a luminance
Br-peak obtained from around the center of gravity 1s shown

in each of FIGS. 4(b) to 8(b).

Further, in these drawings, reference symbol K denotes a
predetermined luminance ratio (threshold value) to be used
as a reference 1n predicting appearance of a shadow 1n a
picture to be taken.

FIG. 4(a) shows a case where the sun is near to a zenith
position 1 a clear sky allowing direct solar insolation
without any cloud blocking the sun. Under this condition,
the shadow 1284 of the black index 127 formed on the glass
window 126 1s 1n the same circular shape as the index 127.
Then, the center of gravity Ra of the shadow 128a coincides
with the center 302 of the image sensor 125, and the density
of the shadow 128a 1s very thick. Under this condition, the
output of the image sensor 125 is as shown in FIG. 4(b) by
a downward protruding curve which has a steep imnclination
within the area of the shadow 128a. The output thus shows
a minimum value at the center of the 1mage sensor 125.
Outside of the shadow 1284, the downward protruding curve
has a horizontal shape showing a fixed value which is larger

than the above-stated predetermined luminance ratio value
K

FIG. 5(a) shows the state of a shadow 128b of the index
127 obtained on the surface of the image sensor 125 when
the sun declines a little in the direction (A) from the zenith
position in a slightly cloudy sky. FIG. 5(b) shows the state
of output of the image sensor 125 obtained under this
condition. The center of gravity Rb of the shadow 1285 of
the index 127 deviates in the direction (B) from the center
of the image sensor 125. The center of gravity Rb, however,
remains within an area 303 of the radius r. Further, 1n this
case as shown in FIG. 5(b), the output of the image sensor
125, 1.¢., the distribution of luminance ratio, 1s represented
by a downward protruding curve, which shows a minimum
value at a point Rb deviating from the center of the 1mage
sensor 125 in the direction (B), and asymptote parts, which
show, outside of a downward protruding part corresponding
to the shadow 128b, values gradually converging into a
certain fixed value higher than the predetermined value K.
The inclination of the downward projecting curved part
corresponding to the shadow 128b 1s more moderate than 1n
the case of FIG. 4(b), and the radius of curvature of parts

continuing to the asymptote parts which correspond to areas
outside of the shadow 128b is larger than that of FIG. 4(b).

FIG. 6(a) shows a case where the sun declines in the
direction of an axis (A)~(B) which slants in a rectangular
coordinate system on the camera (in the direction of con-
necting second and fourth quadrants) and is deviating in the
direction (A) 1 a cloudy weather. A shadow 128c¢ of the
index 127 appearing under this condition 1s 1n an oblong
shape extending along the line (A)—~(B). The center of
oravity Rc of the shadow 128c¢ 1s 1n a position deviating 1n
the direction (B) from the center of the image sensor 125 and
is within the area 303 of the radius r. As shown in FIG. 6(b),
under a cloudy sky like in this case, the luminance ratio
distribution on the image sensor 1235, 1.e., the output of the
image sensor 125, becomes a downward protruding curve
which shows a minimum value at the point Rc deviating
from the center of the image sensor 128 in the direction (B)
and takes, outside of a part corresponding to the shadow
128c, an asymptote shape which converges mnto the prede-
termined value K. Further, the inclination of the downward




US 6,314,241 B1

7

protruding curve part which corresponds to the shadow 128¢
is more moderate than in the case of FIG. 5(b), and the radius
of curvature of a part continuing to the asymptote part which

corresponds to an area located outside of the shadow 128c¢
is also larger than that of FIG. 5(b).

FIG. 7(a) shows the position of a shadow 128d of the
black index 127 obtained when the sun declines 1n a clear
sky in the direction (B) (toward the third quadrant) along a
line (A)~«(B) which slants upward to the right, connecting
first and third quadrants in a rectangular coordinate system
on the camera. FIG. 7(b) shows the output of the image
sensor 125 indicating a luminance ratio distribution obtained
on the surface of the 1image sensor 125 under the condition
of FIG. 7(a). In this case, the center of gravity Rd of the
shadow 1284 1is located outside of the area 303 of the radius
r. As shown in FIG. 7(b), the output of the image sensor 125
includes a downward protruding curve which shows a
minmimum value at the point Rd deviating from the center of
the image sensor 125 in the direction (A), and shows a fixed
value for an area outside of the downward protruding curve
part which corresponds to the shadow 128d. The inclination
of the downward protruding curve part is steeper than 1n the
cases of the cloudy sky as shown in FIGS. 5(b) and 6(b) but
is more moderate than in the case of FIG. 4(b), in which the
sun 15 located in a zenith position 1n a clear sky.

FIG. 8(a) shows the position of a shadow 128¢ of the
black index 127 obtained on the image sensor 125 when the
sun declines aslant, in a cloudy sky, in the direction (A)
(toward the first quadrant) along a line segment (A)—-B)
which 1s connecting first and third quadrants 1n the rectan-
gular coordinate system on the camera. FIG. 8(b) shows the
output of the image sensor 125, 1.e., a luminance ratio
distribution, obtained under this condition, on the image
sensor 1235.

Under this condition, the shadow 128¢ of the black index
127 appears 1n a position deviating from the center of the
image sensor 125 in the direction (B). The center of gravity
Re of the shadow 128¢ 1s located 1n the area 304 which 1s
outside of the area 303 of the radius r. Further, as shown 1n
FIG. 8(b), the luminance ratio distribution on the image
sensor 125 1s represented by a downward protruding curve
part which shows a minimum value at the point Re deviating,
from the center of the image sensor 125 in the direction (B)
and an asymptote part which converges 1nto the predeter-
mined value K. The downward protruding curve corre-
sponds to the shadow 128¢ while the asymptote part corre-
sponds to areas located outside of the shadow 128e.

Since the sky is cloudy in the case of FIG. 8(b), the
density of the shadow 128e¢ 1s thin. Therefore, the inclination
of the downward protruding curve part 1s moderate like 1n
the case of FIG. 6(b), and the level of the luminance ratio
distribution curve, 1.e., the output level of the 1mage sensor
125 1s lower than 1n the case of a clear sky.

As described above, a state of occurrence of a shadow 1s
thus quantitatively predictable on the basis of the luminance
distribution on the 1image sensor 125, 1.e., the output of the
image sensor 125, which corresponds to the direction of
incidence of the sunlight on the glass window 126 and the
conditions of weather.

Next, a shadow occurrence detecting action and the action
of each part of the camera to be carried out 1n taking a
picture with the first embodiment are described with refer-
ence to FIGS. 1 to 9 as follows.

FIG. 9 1s a flow chart showing the control actions to be
performed by the system controller 101 of the camera which
1s the first embodiment. The shadow occurrence detecting
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action 1s arranged to be performed by the system controller
101 in conjunction with the computing circuit 130. In
accordance with an instruction signal from the system
controller 101, the computing circuit 130 takes in an output
of the 1mage pickup circuit 129 and computes the center-
of-gravity position R of the shadow 128 relative to the center
302 of the 1mage sensor 125 and the above-stated luminance
distribution. The shadow occurrence detecting action 1s
performed with mmformation on the center-of-gravity posi-
tion R and the luminance distribution supplied to the system
controller 101.

The action of each part of the camera 1s now described
with reference to the flow chart of FIG. 9 as follows.

The camera user (operator) directs the camera toward an
object of shooting and pushes down the shutter release
button 104 as much as a first stroke thereof. The switch 1044
then turns on and the system controller 101 comes to operate

beginning with a step S101.

At the step S101, the luminance of the object 1s measured.
An output Va which corresponds to the object luminance 1s
outputted from the photo-electric conversion circuit 115. At
the same time, the comparator 116 compares the value of the
object luminance Va with the value of output Viilm of the
D/A converter 112 which 1s determined by the sensitivity of
a film 1n use. I the object luminance value Va is found to be
lower than the output value Viilm of the D/A converter 112,
the output of the comparator 116 1s at a high level. When the
output of the comparator 116 1s at a high level, the level of
the output of the OR gate 119 becomes high. The measured
light value Va 1s analog-to-digital converted and 1s supplied
to the system controller 101 to be used as a variable in
deciding exposure conditions through a computing opera-
tion.

At a step S102, a distance to an object of shooting is
measured by the distance measuring block 117. The details
of the distance measuring method are omitted from descrip-
tion. The result of distance measurement 1s outputted from
the PSD detecting circuit 117¢ as a measured distance value
Vd. The distance value Vd 1s compared with a predeter-
mined value Vrel2 by the comparator 118. The output
(distance value) Vd of the PSD detecting circuit 117e varies
in proportion to the object distance and becomes smaller as
the object distance decreases. Therefore, 1t the object dis-
tance 1s found to be smaller than the value Vrei2 which
corresponds to a predetermined distance, the level of the
output of the comparator 118 becomes high. If both the level
of the output of the comparator 118 and that of the output of
the OR gate 119 are high, the level of the AND gate 120
becomes high. In that case, the flash-device control circuit
122 begins to charge the capacitor 124.

At a step S103, a check 1s made for the state of the release
switch 104b. If the release switch 104b 1s found to be 1n an
on-state, the flow of operation comes to a step S104. If not,
the flow comes to a step S114.

At the step S114, with the release switch 104b found to be
in an off-state, a check 1s made again for the state of the
release-standby switch 104a. If the release-standby switch
1044 1s found to be 1n 1ts on-state, the low comes back to
the step S103. If the release-standby switch 1044 1s found to
be 1n an off-state, the low comes to an end.

With the release switch 1045 found 1n the on-state at the
step S103, the flow comes to the step S104. At the step S104,
a shutter speed 1s computed on the basis of the measured
object luminance value obtained by the step S101 and the
f1lm sensitivity.

At a step S105, the shadow 128 1s subjected to a com-
puting operation by the computing circuit 130 on the basis
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of 1mage pickup data. The details of this computing opera-
fion are the same as what has been described 1n the forego-
Ing.

At a step S106, the computed 1mage pickup data 1s
checked for the center-of-gravity position R of the shadow
128. If the center-of-gravity position R 1s found to be within

the predetermined radius r, the flow comes to a step S107.
If not, the flow comes to a step S1185.

At the step S107, the ratio of the luminance value of the
center-of-gravity position R of the shadow 128 to the
luminance value obtained around the center-of-gravity posi-
fion R 1s compared with the predetermined value K. The
flow comes to a step S108 1f the ratio 1s larger than the
predetermined value K and to the step S115 1f the ratio 1s
smaller than the predetermined value K.

At the step S108, a port SHAD of the system controller
101 1s set at a high level. With the port SHAD set at the high
level, the level of the output of the OR gate 119 becomes
high. Then, 1f the output of the comparator 118 1s also at a
high level at the same time, the level of the AND gate 120
becomes high. The level of an input CHG of the flash-device
control circuit 122 then becomes high to cause the flash-
device control circuit 122 to begin to charge the capacitor

124.

At a step S109, a check 1s made for the charged state of
the capacitor 124. It the capacitor 124 1s found to have been
completely charged, the flow comes to a step S110.

At the step S110, the shutter 106 1s opened.

At a step S111, a flash-device flashing signal TR1 1s
outputted. The signal TR1 1s a pulse signal the level of which
1s high for a predetermined time.

The AND gate 121 1s arranged to have three inputs. If both
of the inputs other than the flash-device flashing signal TR1,
1.€., both the output of the comparator 118 and the output of
the OR gate 119, are at high levels, the output of the AND
cgate 121 remains at a high level for a predetermined period
of time. As a result, the xenon discharge lamp 123 1s caused
to flash.

At a step S112, the shutter 106 1s closed after the lapse of
the shutter time computed by the step S104.

At a step S113, a predetermined amount of the film 108
1s transported by a film transport means which 1s not shown.
The flow of operation then comes to an end.

If both the results of computation by the steps S106 and
S107 are found to be less than predetermined values, the
flow of operation 1s executed as follows.

The flow comes from the step S107 to the step S115. At
the step S115, a check 1s made for the current photographing
conditions to find 1f flashing by the flash device 1s necessary.

If so, the tlow comes to the step S109. If not, the flow comes
to the step S110.

It goes without saying that a threshold value for the
amount of deviation of the center-of-gravity position of the
shadow 128 from the center 302 of the 1mage sensor 125 and
the threshold value K for the ratio of the peripheral lumi-
nance value (the luminance value obtained around the
center-of-gravity position of the shadow 128) to the lumi-
nance value of the center of gravity are derivable from
various conditions such as the altitude of the sun, the degree
of diffusion of the sunlight due to a cloud, etc.

The first embodiment 1s arranged, as described above, to
detect how a shadow will be brought about by a photograph-
ing light source and to automatically erase the shadow by
causing the flash device to flash when the light source is
found to be of such a luminance and a direction that bring
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about a shadow at the object of shooting. In addition to this
arrangement, the camera may be also arranged according to
the mnvention to automatically make exposure compensation
in a case where the shadow occurring state 1s found to be

likely to bring about a back-light shooting condition for the
camera.

Further, a threshold object distance at which the flash
device must be inhibited from flashing 1s of course variable
according to a combination of the guide number of the tlash
device and the F-number of the lens.

Second Embodiment

In the camera according to the first embodiment, a dedi-
cated shadow detecting means, consisting of the glass win-
dow 126, the black index 127 and the image sensor 125, and
the 1mage pickup circuit 129 and the computing circuit 130
which are arranged to process the output of the 1mage sensor
125, are arranged outside of the system controller 101 as
components of a shadow-occurring-state detecting means.
However, the arrangement of the first embodiment may be
changed to predict a shadow occurring state by utilizing the
measured luminance value of the object.

In the case of the second embodiment, the 1nvention 1s
applied to a camera which 1s arranged on the concept
mentioned above. FIG. 10 shows the arrangement of essen-
tial parts of the camera which is the second embodiment of
the invention. Referring to FIG. 10, a system controller 201
1s composed of a microcomputer, etc. A ROM 202 stores
programs and data. A RAM 203 stores data. A shutter release
button 204 1s provided with a switch 2044 which is arranged
to turn on when the shutter release button 204 1s pushed
down to a first stroke of operation, and a switch 204b which
1s arranged to turn on when the shutter release button 204 1s
pushed down further to a second stroke. The 1illustration
includes a photo-taking lens 205, a shutter 206, a shutter
driver 207, 1.€., a shutter driving circuit, a film 208, a film
cartridge 209, and a film characteristic recording part 210
which 1s arranged on the external surface of the film car-
tridge 209 to indicate 1n a coded form the characteristic of
the film such as the sensitivity of the film, a number of
photographable frames, etc. A metal contact piece 211 1s
arranged to detect the film characteristic. A D/A converter
212 converts the coded film sensitivity value 1nto an analog
voltage value Viilm. The D/A converter 212 1s arranged to
convert the film sensitivity into a lower voltage as the film
sensitivity 1s higher. The film sensitivity value Viilm 1is
supplied also to the system controller 201.

The camera further mncludes a light measuring lens 213
and a light measuring element 214 which 1s an SPD or the
like and 1s arranged to detect the luminance of an object of
shooting. A photo-electric conversion circuit 215 1s arranged
to convert 1nto a voltage value Va a photoelectric current
which 1s detected by the detecting area of the light measur-
ing clement 214. A first comparator 216 1s arranged to
compare a measured light value obtained from within a
picture plane with a predetermined value Vrefl. A second-
comparator 217 compares the measured light value obtained
from within the picture plane with the voltage value Viilm
which 1s decided by the film sensifivity value. The second
comparator 217 1s arranged to have the voltage value Viilm
supplied to its non-inverting 1nput terminal and the mea-
sured light value Va to its mverting input terminal. Both the
measured light value Va and the voltage value Viilm corre-
sponding to the film sensitivity value are supplied also to the
system controller 201.

A distance measuring block 218 is arranged to measure a
distance from the camera to an object of shooting. The block
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218 consists of an infrared light emitting diode 218a which
1s arranged to emit an 1nirared beam toward the object, an
LED driver 218b, 1.¢., an LED driving circuit, a light
projecting lens 218c, a position detecting element 218d
which 1s a PSD or the like and 1s arranged to detect a position
where a reflection light of the infrared beam 1is received, a
PSD detecting circuit 218¢ which 1s arranged to output a
voltage value Vd 1n proportion to the object distance, and a
light receiving lens 218f.

A comparator 219 1s arranged to compare the output Vd
of the PSD detecting circuit 218¢ with a predetermined
voltage value Vref2. The output Vd which shows an object
distance value 1s supplied to the inverting terminal of the
comparator 219 while the predetermined voltage value
Vrel2 1s supplied to the non-inverting terminal of the com-
parator 219.

The camera further includes an OR gate 220, AND gates
221 and 222, a xenon discharge lamp 224, and a capacitor
225 which 1s arranged to store electric charge for flashing a
flash device. A flash-device control circuit 223 1s arranged to
charge the flash device and to cause the flash device to flash.
The xenon discharge lamp 224 1s caused to flash when a high
level signal 1s applied to a terminal TRI of the flash-device
control circuit 223 and the capacitor 225 1s charged when a
higch level signal 1s applied to a terminal CHG of the
flash-device control circuit 223. A signal indicative of the
charging state 1s supplied from a terminal FLBIT of the
flash-device control circuit 223 to the system controller 201.

FIG. 11 shows 1n an oblique view the appearance of the
camera which 1s the second embodiment. The illustration
includes a Fresnel lens 226 which 1s mounted on a light
emitting window of the flash device, the shutter release
button 204, the photo-taking lens 205, the light measuring,
lens 213, the distance measuring light projecting lens 218c¢
and the distance measuring light receiving lens 2187

FIG. 12 1s a flow chart showing the control actions of the
system controller 201 of the camera which 1s the second
embodiment. The actions and functions of the camera are
described with reference to FIGS. 10 to 12 as follows.

The camera user directs the camera toward the object of
shooting and first pushes the shutter release button 204 to a
first stroke of operation. This causes the switch 2044 to turn
on. The system controller 201 then begins to do 1ts control
beginning with a step S201 of FIG. 12. At the step S201, the
luminance of the object 1s measured to obtain an object
luminance value Va (measured light value). The comparator
216 compares the object luminance value Va with the
predetermined value Vrefl. If the value Va is found to be
larger than the value Vref, the level of the comparator 216
becomes high. At the same time, the object luminance value
Va and the output value Viilm of the D/A converter 212
which 1s decided by the film sensitivity are compared with
cach other. If the object luminance value Va 1s found to be
smaller than the output value Viilm of the D/A converter
212, the level of the output of the comparator 217 becomes
high. The level of the OR gate 220 becomes high if the level
of the output of either of the comparators 216 and 217
becomes high through these computing actions. The mea-
sured light value Va 1s A/D converted and taken in by the
system controller 201 to be computed there.

At a step S202, a distance to the object 1s measured by the
distance measuring block 218. The details of the distance
measuring method are omitted from description here. The
result of distance measurement 1s outputted from the PSD
detecting circuit 218¢ as a distance value Vd. The compara-
tor 219 then compares the distance value Vd with a prede-
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termined value Vref2. The output Vd (distance value) of the
PSD detecting circuit 218¢ varies 1n proportion to the object
distance. If the object distance value Vd 1s found to be
smaller than the predetermined distance value Vrei2, the
level of the output of the comparator 219 becomes high.

If both the output of the comparator 219 and that of the
OR gate 220 are at high levels, the level of the AND gate 221
becomes high to cause the flash-device control circuit 223 to
begin charging the capacitor 225.

At a step S203, a check 1s made for the state of the release
switch 204b. If the release switch 204b 1s found to be 1n an
on-state, the flow comes to a step S204. If the release switch
2045 1s found to be 1n an off-state, the flow comes to a step

S211.

At the step S211, with the release switch 204b found to be
in the off-state, a check 1s made again for the state of the
release-standby switch 2044. If the switch 2044 1s found to
be 1n an on-state, the flow comes back to the step S203. If
not, the flow comes to an end.

On the other hand, with the release switch 2045 found to
be 1n an on-state at the step S203, the flow comes to the step
5204 as mentioned above. At the step S204, a shutter speed
1s computed according to the object luminance value mea-
sured by the step S201 and the film sensitivity.

At a step S205, a check 1s made to find 1f the photograph-
ing condition requires flashing by the flash device. If so, the
flow comes to a step S206. If not, the flow comes to a step

S207.

At the step S206, a check 1s made for the charged state of
the capacitor 225. If the capacitor 225 1s found to be fully
charged, the flow comes to the step S207.

At the step S207, the shutter 206 1s opened.

At a step S208, a flash-device flashing signal TRI 1is
outputted. The flash-device flashing signal TRI 1s a pulse
signal which remains at a high level for a predetermined
period of time.

The AND gate 222 has three inputs. If both of the two

inputs other than the flash-device flashing signal TRI, 1.¢., 1f
both the output of the comparator 219 and that of the OR
cgate 220 are at high levels, the AND gate 222 outputs a high
level pulse for a predetermined period of time. As a result,
the xenon discharge lamp 224 1s caused to flash.

At a step S209, the shutter 206 1s closed after the lapse of
the shutter time which 1s computed by the step S204.

At a step S210, a predetermined amount of the film 208
1s transported by a film transport means which 1s not shown.
After that, the flow comes to an end.

It 1s of course possible to arrange the second embodiment
to vary the threshold distance, 1.e., a flash light emaission
inhibiting distance, according to the guide number of the
flash device and the F-number of the photo-taking lens.

The second embodiment 1s arranged to predict a shadow
occurring state by using the result of light measurement
made by the light measuring means, without employing any
Image sensor as a component element of shadow occurring
state predicting means, unlike 1n the case of the first embodi-
ment. According to the arrangement of the second
embodiment, therefore, a camera having an automatic
shadow erasing function 1s obtainable at a lower cost than
the camera of the first embodiment.

Third Embodiment

FIG. 13 shows 1n outline the arrangement of essential
parts of a camera which 1s arranged as a third embodiment
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of the invention. This camera 1s arranged to have a back-
light detecting function in addition to the automatic shadow
erasing function according to the invention. In FIG. 13, the
same component parts as those of the second embodiment
are 1ndicated by the same reference numerals. The details of
these parts are omitted from the following description.

Referring to FIG. 13, a light measuring block 227
includes two divided light measuring elements 227a and

227¢ which are composed of SPEDs or the like and photo-
electric conversion circuits 227b and 227d.

The light measuring element 227¢ 1s arranged to measure
the light of the middle area of a photo-taking picture plane.
The other light measuring element 227a 1s arranged to
measure the light of the peripheral area of the picture plane.
The photo-electric conversion circuit 227b 1s arranged to
output a voltage Va while the other photo-electric conver-
sion circuit 227d 1s arranged to output a voltage Vc.

An operational amplifier circuit 228 1s arranged to com-
pute a difference Va-Vc between a measured light
(luminance) value obtained from the peripheral area of the
picture plane and a measured light value obtained from the
middle arca of the picture plane. The measured light value
V¢ obtained from the middle area of the picture plane is
arranged to be supplied to the inverting input terminal of the
operational amplifier circuit 228 and the measured light
value Va obtained from the peripheral area to be supplied to
the non-inverting input terminal of the same circuit 228. A
comparator 229 1s arranged to compare the difference Va—Vc¢
with a predetermined voltage value Vrefd and to have the
difference Va—Vc supplied to 1ts non-inverting input termi-
nal and the predetermined voltage value Vrefd to its mvert-
ing 1nput terminal.

A comparator 230 1s arranged to compare the measured
light value V¢ obtained from the photo-taking picture plane
with a predetermined value Vrefl and to have the measured
light value V¢ supplied to its non-inverting mput terminal
and the predetermined value Vrefl to its inverting input
terminal.

The operation of the third embodiment 1s next described

with reference to FIG. 13 as follows.

The measured object luminance values Va and Vc are
supplied to the operational amplifier circuit 228 to have a
difference between the middle luminance value Ve and the
peripheral luminance value Va computed the instant the light
measuring action 1s performed. The comparator 229 then
compares the difference voltage Va-Vc with the predeter-
mined value Vreld. The level of the output of the comparator
229 becomes high 1if the peripheral luminance value Va 1s
larger than the middle luminance value V¢ by more than the
predetermined value Vretd.

Further, the comparator 216 compares the peripheral
luminance value Va with the predetermined value Vrefl. If
the peripheral luminance value Va is larger than the prede-
termined value Vrefl, the level of the output of the com-
parator 216 becomes high. The comparator 230 also com-
pares the middle luminance value V¢ with the predetermined
value Vrefl. The level of the output of the comparator 230
becomes high if the middle luminance value Vc 1s larger
than the predetermined value Vrefl.

Since the outputs of the comparators 216 and 230 are
arranged to be 1nputted to the OR gate 220, if either the
luminance of the middle light measuring area or that of the
peripheral light measuring area 1s larger than the predeter-
mined value Vrefl, the flash device 1s charged and 1s caused
to flash when a release action 1s performed.

The flow of operation of the third embodiment 1s omitted
from description as it 1s 1dentical with that of the second
embodiment described 1n the foregoing.
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The camera which 1s arranged to have a back-light
detecting function as described above can be also arranged
to automatically cause the flash device to flash at a lumi-
nance value above a predetermined value. The arrangement
described gives the following advantages:

(1) In the event of a background having an extremely low
reflection factor, a detection error might arise if the
object luminance 1s judged only from the luminance of
the peripheral arca, whereas such an error can be
prevented according to the arrangement described; and

(i1) In addition to the back-light detecting function, the
camera permits taking a picture which does not show
much difference 1in luminance between a main object
and the background of 1t and also shows no shadow.

Fourth Embodiment

FIGS. 14, 15 and 16 show a camera which 1s a fourth

embodiment of the invention. The camera 1s arranged to
have a red-eye preventing function and also an automatic
shadow erasing function as well.

FIG. 14 shows 1n outline the arrangement of essential
parts of the camera arranged as the fourth embodiment. In
FIG. 14, the same component parts as those shown 1n FIG.
10 are indicated by the same reference numerals and,
therefore, the details of them are omitted from the following
description.

Referring to FIG. 14, a warning display LED 231 1s
disposed near to the viewfinder eyepiece. An LED driver
232 (or an LED driving circuit) is provided for driving the
LED 231. The LED 231 1s lighted when the input of the LED
driver 232 1s at a high level.

In FIG. 14, reference numeral 233 denotes a red-eye
preventing lamp and reference numeral 234 a lamp lighting
circuit. In FIG. 15, reference numeral 235 denotes the
viewlinder eyepiece. The warning LED 231 1s disposed near
one side of the viewfinder eyepiece 235, so that a lighted
state of the LED 231 can be confirmed when the camera user
peeps 1nto the viewlinder.

Actions of the camera of the fourth embodiment, 1.e.,
actions of the system controller 201 are described below
with reference to a flow chart shown 1n FIG. 16.

In taking a picture, the camera user directs the camera
toward an object of shooting. The switch 2044 turns on when
the user first pushes the shutter release button 204 to the first
stroke of operation on the button. The system controller 201
then begins to operate from a step S301 of FIG. 16.

Steps S301 to S306 are identical with the steps S201 to
S206 of the second embodiment and are, therefore, omitted
from description. At a step S307, a check 1s made for the
level of the output of the comparator 217. The flow of

operation comes to a step S308 11 the level 1s high or to a step
S311 1if the level 1s low.

At the step S308, the red-eye preventing lamp 233 1is
caused to light up.

At a step S309, a check 1s made for the lapse of a sufficient
period of time for contraction of the pupil of the object.

At a step S310, the red-eye preventing lamp 233 1s put
out

A step S311 and steps subsequent to the step S311 are
identical with those of the first embodiment and are,

therefore, omitted from description.

As described above, the output of the comparator 217 1s
checked by the system controller 201 and the red-eye
preventing lamp 233 1s caused to light up only 1n a case
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where the flash device 1s to be automatically flashed with the
object luminance found to be less than a predetermined
luminance value. Further, the warning LED 231 1s caused to

light up according to the state of the output of the compara-
tor 216.

The arrangement of the embodiment described above
cliectively prevents the camera user or a person whose
picture 1s being taken from being misled to consider the
camera to be out of order by any flashing action of the flash
device performed despite of a bright environment. Further,
In a case where the camera user mtends to 1nhibit the use of
the flash device, the camera user can be urged to use the flash
device by mforming the user that a shadow would appear
because of a high degree of luminance of the object.

What 1s claimed 1s:

1. A camera, comprising:

a) a first light receiving part for receiving a light flux from
a light source positioned 1n a direction perpendicular to
a photographic optical axis of the camera, wherein said
first light receiving part receives light from the light
source positioned 1 a zenith direction when the pho-
tographic optical axis 1s directed 1n a direction perpen-
dicular to the zenith direction;
said first light receiving part having a light receiving

surface arranged to receive perpendicularly the light
flux coming 1n the direction perpendicular to the
photographic optical axis,

b) a detecting circuit which decides intensity of the light
flux coming from said light source and degree of
inclination of the light source relative to a zenith
direction, on the basis of an output of said first light
receiving part;

¢) a light measuring circuit which receives mainly a light
flux from a photographic optical axis to measure bright-
ness of an object; and

d) a processing circuit which judges a shading condition
on the object on the basis of a result of decision by said
detecting circuit.

2. A camera according to claim 1, wheremn said photo-
ographing condifion setting circuit 1s arranged to set a flash
photography mode according to the result of the decision
made by said detecting circuit.

3. A camera according to claim 1, wherein said detecting
circuit 1s arranged to decide a degree of inclination of the
light source relative to the zenith direction and intensity of
the light flux coming from the light source from a center-
of-gravity position of an 1image formed on said first light
receiving element part and data corresponding to a ratio of
a difference between a luminance value obtained at the
center-of-gravity position and a luminance value obtained at
a position located away from the center-of-gravity position.

4. A camera according to claim 1, wherein a light mea-
suring axis of the first light receiving part 1s perpendicular to
a light measuring axis of the light measuring circuat.
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5. A camera according to claim 1, wherein said detecting,
circuit 1s arranged to decide a degree of inclination of the
light source relative to the zenith direction and intensity of
the light flux coming from the light source according to a
state of distribution of luminance obtained on said first light
receiving part.

6. A camera, comprising;:

a) a first light receiving part for receiving a light flux from
a light source positioned 1n a direction perpendicular to
a photographic optical axis of the camera wherein said
first light receiving part receives light from the light
source positioned 1in a zenith direction when the pho-
tographic optical axis 1s directed 1n a direction perpen-
dicular to the zenith direction;
said first light receiving part having a light receiving

surface arranged to receive perpendicularly the light
flux coming 1n the direction perpendicular to the
photographic optical axis,

b) a detecting circuit which decides intensity of the light
flux coming from said light source and degree of
inclination of the light source relative to a zenith
direction on the basis of an output of said first light
receiving part;

c) a light measuring circuit which receives mainly a light
flux from a photographic optical axis to measure bright-
ness of an object; and

d) a processing circuit which judges a shading condition
on the object on the basis of a result of decision by said
detecting circuit.

7. A camera, comprising;:

a) a first light receiving part for receiving light flux from
a light source positioned 1n a direction perpendicular to
a photographic optical axis of the camera, wherein said
first light receiving part receives light from the light
source positioned 1in a zenith direction when a photo-
oraphic optical axis i1s directed perpendicular to the
zenith direction;
said first light receiving part having a light receiving

surface arranged to receive perpendicularly the light
flux coming 1n the direction perpendicular to the
photographic optical axis,

b) a detecting circuit which decides an intensity of the
light flux coming from the light source and a degree of
inclination of the light source relative to a zenith
direction on the basis of an output of said first light
receiving part;

c) a light measuring circuit which receives a light flux
from a photographic optical axis to measure brightness
of an object; and

d) a photographing condition setting circuit for setting a
photographing condition according to a result of the
decision made by said detecting circuit.
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